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Literature in the field of eco-innovations often focuses on policy, regulations, technology, market and 
firm specific factors rather than diffusion. However, understanding of diffusion of eco-innovations 
recently has gained more importance given the fact that some eco-innovations are already at a mature 
stage. This paper aims to clarify the concept of diffusion of eco-innovation and provide a current 
overview of this emerging literature. Within this review framework, we identify the most cited relevant 
publications and corresponding research streams. We also describe the strengths and limitations of these 


Keywords: , research streams in the concept of diffusion of eco-innovations. The results summarize insights from 
Eco-innovations different research streams in different disciplines and outline an entry point for researchers new to the 
Diffusion : emerging field of diffusion of eco-innovations. 
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1. Introduction 


In an era characterized by discussions on impending climate 
change and the urgency to mitigate it, the policy discourse on the 
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necessity of stimulating environmentally friendly innovations has 
grown. The hope is that the emergence of eco-innovations will reduce 
dependency on fossil based natural resources and decrease the release 
of harmful substances across the whole life-cycle [12]. In this context, 
for example, the European Union aims to achieve a resource-efficient 
Europe and an economic growth with eco-innovations | 13,12]. How- 
ever, there are two significant barriers to implement eco-innovations 
that need to be overcome before they are embraced by consumers. 
These are market uncertainty and uncertain return on investment [11]. 
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Empirical evidence shows that some environmental innovations 
require a lengthy period of time before they are adopted, which are 
directly related to their diffusion rate and diffusion path. 

In general, diffusion of an innovation is defined as a process by 
which an innovation is communicated through certain channels 
over time among the members of a social system [46]. The 
diffusion of innovations theory [50,51] is one of those that help 
us to understand how eco-innovations are diffused. The theory 
focuses on the process and the conditions at which innovations 
and ideas become diffused and adopted by users/customers within 
wider social networks. Although based on a sociological perspec- 
tive, Roger's approach [50,51] has today widely permeated to the 
fields of management, economics, communications and marketing 
[15], and is applied to different types of innovations. However, the 
relevance of the theory to explain the diffusion of eco-innovations 
is not known yet. 

In the literature there are already some evidences concerning 
the knowledge base of eco-innovation focused on management of 
eco-innovations and eco-innovation terminology [53], and green 
supply chain management [52]. However, there is no comprehen- 
sive review on the knowledge base of diffusion of eco-innovations, 
which differs from other innovations given the political dimensions 
underlying their emergence. Understandably, eco-innovations, 
especially renewable energy technologies, need political support 
and have a global market potential based on global concerns and 
discourses that there is an imminent global warming. Eco- 
innovations cannot be treated like other innovations (e.g. in terms 
of the double externalities and the regulatory push/pull effect), and 
a specific theory and policy are needed [48]. 

Building on the previous studies on the knowledge base of 
innovation studies [16,15] and eco-innovations studies [52,53], the 
aim of this paper is to make a synthesis of the empirical state-of- 
the-art literature on diffusion of eco-innovations and identify the 
most relevant research streams. In order to achieve this, four main 
steps are followed: First, definitions associated to diffusion of 
innovations and eco-innovations are presented and clarified. 
Second, a set of keywords are identified in order to increase the 
search efficiency. Third, a database of publications from Google 
Scholar database is compiled based on the keywords. Last, the 
findings within 5 disciplines and research traditions are presented 
in order to contribute to understand the diffusion of eco-innovations. 

The rest of the paper is organized as follows. Next section is 
dedicated to analyze the different concepts used to describe 
diffusion of innovations and eco-innovations. Section 3 describes 
the research approach and methodology used to compile and 
analyze the data resulting of our literature review. The findings of 
the analysis are summarized in Section 4, and Section 5 presents 
the discussions on the findings. Finally, Section 6 presents the 
conclusions and the recommendations for future research. 


2. Diffusion of innovations and eco-innovations 
2.1. Diffusion of innovations 


Research on diffusion is an interdisciplinary field, and the 
philosophical undertones have its roots in the studies from sociol- 
ogy [58] and anthropology [63,64]. It has attracted scholars in a 
variety of disciplines, including economics [23,36] and marketing 
[5]. Rogers [51] defines diffusion as “the process by which an 
innovation is communicated through certain channels over time 
among the members of a social system”. It is a special type of 
communication related with ideas that are perceived as new. This 
definition contains the four elements of innovation diffusion: the 
innovation, the communication channels, the time, and the social 
system. The first element, innovation, is described as an idea, 


practice, or object that is perceived as new by individual or other 
unit of adoption. The second element, communication channel, is 
the means by which messages get from one individual to another. 
This communication can be either through informing or persuad- 
ing. Informing potential adopters about the existence of an innova- 
tion are usually performed by mass media communication channels 
such as television and Internet. However for persuading an indivi- 
dual to start using an innovation, interpersonal communication 
channels are supposed to be more efficient since these involve face- 
to-face exchange among the individuals. The third element, time, is 
involved in diffusion through the process which an individual (or 
other decision-making unit) passes from first knowledge of an 
innovation to forming an attitude toward the innovation, to a 
decision to adopt or reject, to implementation of the new idea, 
and to confirmation of this decision. The fourth element of innova- 
tion diffusion, social system, is defined as a set of interrelated units 
that are engaged in joint problem-solving to accomplish a common 
goal. The social structure of the system affects the innovation 
diffusion in several ways through the social norms, opinion leaders 
and social consequences. According to this definition, “innovative- 
ness and adopter categories” and “rate of adoption” are critical 
aspects since the diffusion of innovations is based on innovative- 
ness degree of individuals and the characteristics of an innovation. 
Rogers [50] classified the categories of the adopters as innovators, 
early adopters, early majority, late majority and laggards, corre- 
sponding to different stages of consumer’s adoption during market 
development, and also explains the characteristics of an innovation 
as relative advantage, compatibility, complexity, trialability (the 
degree to which an innovation may be experienced on some limits) 
and observability, as perceived by the members of a social system. 

Actually, there is a vast and highly fragmented literature on 
diffusion of innovations. It is possible to identify different 
approaches to diffusion of innovations, each focusing on specific 
aspects of diffusion through different perspectives. The main 
contributions come from economics, marketing, sociology and 
anthropology [59]. Economists have developed different econo- 
metric models to explain the diffusion of new products and 
specific technologies based on costs and past behavior of the 
consumers. Marketing studies have adopted a wide range of 
different research instruments oriented to explain the buyer 
behavior. Social studies have been focused to examine the socio- 
logical and psychological factors that influence the diffusion of 
innovations, and most of the anthropological studies have been 
based on case studies of the diffusion of new ideas, doctrines and 
information in villages or communities. But more recently, multi- 
disciplinary research has been growing examining the diffusion of 
educational, medical and other policy innovations. 

Research on diffusion tries to identify the factors that influence 
the rate and direction of the adoption of an innovation [21]. 
In practice, the pattern of the adoption of an innovation depends 
on the interaction of different factors that can be grouped as follows: 
supply-side factors (availability of information, relative advantage of 
the innovation, barriers to adoption and feedback between suppliers 
and consumers); demand-side factors (adopters with different per- 
ceptions, imitation of early adopters) [59]; and cross-country factors 
(culture, religion, opinion leaders). The choice between the different 
models of diffusion of an innovation and the factors which will most 
influence its adoption will depend on the characteristics of the 
innovation and the nature of potential adopters. 


2.2. Eco-innovations 


Eco-innovations refer to wide range of innovations such as 
renewable energy technologies, pollution prevention schemes, 
waste management equipments, green financial products and 
biological agriculture [34]. The term of “eco-innovation” (ecological 
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innovation) has been introduced into the literature long after the 
first examples of diffusion models appeared. Currently there are 
different definitions. One of the first definitions is from Fussler and 
James [19] (as cited in [53]). They define eco-innovation as “new 
products and processes that provide customer and business value 
but significantly decrease environmental impact”. Kemp and Pear- 
son [33] define eco-innovation in a similar approach as “the 
production, adoption or exploitation of a product, production 
process, service, management, or business method that is novel 
to the organization and which result in a reduction of environ- 
mental risk, pollution or other negative impacts of resources use 
(such as energy use) compared to relevant alternatives throughout 
its life cycle”. The 2007 review of the Environmental Technologies 
Action Plan (ETAP) defined eco-innovation as any innovation that 
benefits the environment, embracing technological innovation, 
process innovation and business innovation. 

From 2008, the definitions of eco-innovation are approached 
from the industrial dynamics perspective. Andersen [2] defines 
eco-innovation as “innovations which are able to attract green 
rents of the market” and emphasizes that research on eco- 
innovations should focus on analyzing their integration into the 
economic process. Under this new approach the OECD [39] defines 
eco-innovation as “the creation or implementation of new, or 
significantly improved, products, processes, marketing methods, 
organizational structures and institutional arrangements which 
lead to environmental improvements compared to relevant alter- 
natives”. In the same line of argumentation, Arundel and Kemp [3] 
stress that eco-innovations can be motivated by environmental or 
economic reasons, including objectives to reduce resources, waste 
management costs and the sale of eco-products. 

The eco-innovation concept has been an interest of scholars 
from different disciplines such as economics [48], sociology [56] 
and management [45]; and its definition has been also widely 
discussed even in the dimensions of design, governance, users and 
supply chain [32,8]. Today, the term is used as synonym to “green 
innovation”, “sustainable innovation” and “environmental innova- 
tion” [53] and it covers many technologies (e.g. solar or wind 
energy systems), organizational practices (e.g. pollution preven- 
tion) and services (e.g. electrical roads). 

In the interdisciplinary fields of environmental studies and 
innovation studies, there is a lack of comprehensive theories for 


Table 1 
Keywords used for compiling the database from Google Scholar. 


Diffusion category 


Eco-innovation notion Diffusion of eco-innovation 
Diffusion of eco-innovations 
Eco-innovation diffusion 
Eco-innovations diffusion 


Ecological innovation notion Diffusion of ecological innovation 
Diffusion of ecological innovations 
Ecological innovation diffusion 
Ecological innovations diffusion 


Green innovation notion Diffusion of green innovation 
Diffusion of green innovations 
Green innovation diffusion 
Green innovations diffusion 


Sustainable innovation notion Diffusion of sustainable innovation 
Diffusion of sustainable innovations 
Sustainable innovation diffusion 
Sustainable innovations diffusion 


eco-innovations. Understanding diffusion of eco-innovations has 
challenges to tackle. However, the topic attracts the attention of 
policy-makers and business actors because of its market potential 
and global concerns. Some eco-innovations are already at a mature 
stage that can compete with conventional alternatives. For exam- 
ple, photovoltaic (PV) market in Germany has already reached grid 
parity, a stage that PV can compete with conventional electricity 
sources [35]. Within increased mass production and improved 
technology efficiency, more and more eco-innovations become 
advantageous in different markets. According to these facts, this 
paper attempts to reveal the state-of-art review of the diffusion of 
eco-innovations literature and identify the main research streams 
of this interesting field. 


3. Research methodology 


The identification of the core contributors of a field is a common 
methodology to review an emerging literature. The point of departure 
for some studies is on the identification of top authors, top institu- 
tions, top journals, thematic focuses and clusters for innovations 
studies [16], the identification of most active scholars and journals for 
green innovation [53], and the identification of core research strands, 
key contributors and most-cited publications for sustainability transi- 
tions [37]. This paper focuses on the specific field of diffusion of eco- 
innovations and uses a descriptive methodology in three steps: firstly, 
the identification of the keywords and extraction the database using 
the Google Scholar database and the software Publish or Perish, a 
software program that retrieves and analyzes academic citations, and 
presents the statistics [25]; secondly, the quantitative analysis of the 
database, including the identification of the major contributors 
(journals and authors); finally, the identification of the main research 
streams and school of thoughts in a qualitative approach. 

In this study, Google Scholar is used because of its more 
comprehensive citation coverage in comparison to ISI Web of 
Knowledge. Google Scholar is a freely accessible scholarly web search 
engine that includes full-text journal articles, technical reports, 
preprints, theses, books, and other scholarly documents [49]. 
Although this database has recently been criticized by many scholars 
because of its shortcomings on bibliometric purposes [1,29], it is 
used for bibliometric studies mainly because of its broader coverage. 


Adoption category 


Adoption of eco-innovation 
Adoption of eco-innovations 
Eco-innovation adoption 
Eco-innovations adoption 


Adoption of ecological innovation 
Adoption of ecological innovations 
Ecological innovation adoption 
Ecological innovations adoption 


Adoption of green innovation 
Adoption of green innovations 
Green innovation adoption 
Green innovations adoption 


Adoption of sustainable innovation 
Adoption of sustainable innovations 
Sustainable innovation adoption 
Sustainable innovations adoption 


Environmental innovation notion 


Diffusion of environmental innovation 
Diffusion of environmental innovations 
Environmental innovation diffusion 
Environmental innovations diffusion 


Adoption of environmental innovation 
Adoption of environmental innovations 
Environmental innovation adoption 
Environmental innovations adoption 


E. Karakaya et al. / Renewable and Sustainable Energy Reviews 33 (2014) 392-399 395 


Due to its comprehensive citation coverage, the citation numbers of 
Google Scholar are usually around four times higher than ISI Web of 
Knowledge. For example, the study of Jaffe and Palmer [30] has a 
total citation of 142 in ISI Web of Knowledge and 589 in Google 
Scholar; the study of Nill and Kemp [38] has a total citation of 36 in 
ISI Web of Knowledge and 113 in Google Scholar. 

The identification of keywords was a challenging step. There 
are many synonyms that refer to the notion “diffusion of eco- 
innovations”. To counter this, the synonyms of both “diffusion” 
and “eco-innovations” are separately identified to create multiple 
genitive constructions. Firstly, “adoption” is identified as the only 
synonym of diffusion due to the fact that these two terms are 
traditionally studied together [51,24,57]. The only difference is 
that adoption refers to a process at the individual level whereas 
the process of diffusion occurs in society. Secondly, “environmen- 
tal innovations”, “ecological innovations”, “green innovations” and 
“sustainable innovations” are taken as synonyms to “eco-innova- 
tions” as suggested by Schiederig et al. [53]. 

According to these premises, the genitive constructions of the 
synonyms of the diffusion and eco-innovations were created as 40 
variations as presented in Table 1. This approach limits the 
database and excludes the studies that do not include any of these 
40 keywords. Therefore, the studies that about only one type of 
eco-innovations (e.g. solar panels, green textile or photovoltaic 
technology) would not appear in the database unless they have 
one of these 40 keywords in their text. 

As a result of using the keywords listed in Table 1, a total of 
1024 publications were extracted (including journals articles, 
conference papers, books, working papers and other scholarly 
documents) from Google Scholar database (extraction date 10 
November 2012). The extracted publications were analyzed in a 
two-level analysis using information of the authors, journal 
names, publication years and citation frequency. The first level 
analysis provides an overview of the growth patterns, share of 
publications, top journals and more relevant authors according the 
number of citations. The second-level analysis focuses on the 
identification of the core disciplines and research streams by 
discussing the mostly cited articles. A total of 26 articles have 
been identified that have more than 10 citations per year. 


4. Findings of the quantitative analysis 


In the period 1990-2012, the number of publications that 
include the synonyms of “diffusion of eco-innovations” has reached 


180 


a total of 1024 publications. Fig. 1 shows that very little research 
was conducted in the last decade of the last century to the diffusion 
of eco-innovations. However, since 2000 the term begins to become 
important. Starting from 2006 it grows strongly, as evidenced by 
36% of these publications have been published in the period 2008- 
2011. Furthermore, yearly publications in the literature represent a 
growth of 64% from 2010 to 2011. However, and surprisingly, only 
18% of these publications have cited Rogers (183 of 1024 publica- 
tions). This trend was in a similar manner in the last years: 24%, 14% 
and 22% of yearly publications in 2009, 2010 and 2011 respectively 
have cited Rogers. 

The database was divided into four groups according to number 
of citations per year. These groups includes the papers that have 
less than 1 citations per year, between 1 and 5 citations per year, 
between 6 and 10 citations per year and more than 10 citations per 
year. Fig. 2 reveals that most of the publications receive less than 
1 citation per year (70%), while 22% receive between 1 and 5 and 
5% between 6 and 10 citations per year. The publications that 
receive more than 10 citations per year only represent 3% of the 
dataset and represent 30 publications. 

Regarding to the publications that receive more than 5 citations 
per year, three journals stand out with higher contribution: 
Ecological Economics, Journal of Cleaner Production and Techno- 
logical Forecasting & Social Change (Fig. 3). These journals are well 
known for the scholars and their main features are related to the 
environmental aspects with the perspectives of economy, sociol- 
ogy or management. Energy Policy appears as the top journal for 
the authors that cite Rogers in the database while the articles 
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Fig. 2. Share of publications according to citation/year. 
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Fig. 3. The top journals for the publications with more than 5 citations/year. 


appearing in Research Policy and Journal of Sustainable Tourism 
do not cite any work of Rogers. 

Table 2 reveals the journal articles that receive more than 10 
citations per year and the most active scholars in the diffusion of 
eco-innovations field. Technological Forecasting & Social Change 
and Ecological Economics are the top journals with 4 publications 
in the list of top contributors. Among the top three scholars 
(appear more than one time in the list) are two German research- 
ers. Klaus Rennings, vice-head of the research area Environmental 
and Resource Economics, Environmental Management of the 
Center of European Economic Research (ZEW) in Manheim (Ger- 
many), and Nina Schwarz, scientist at the division of Computa- 
tional Environmental System at the Helmholtz Center for 
Environmental Research (UFZ) in Leipzig (Germany). The third 
author is Joseph Sarkis, Professor of Operations and Environmental 
Management at the Graduate School of Management (GSOM) at 
the Clark University in Worcester (United States). 


5. Discussion 


The second-level of our analysis focuses on the identification of 
the core disciplines and research streams by discussing the mostly 
cited articles. The results show that “diffusion of eco-innovations” 
has become a common term in different scientific communities, 
despite the lack of a seminal work which focuses on the concept of 
diffusion of eco-innovations. While some of the mostly cited articles 
contribute to our understanding of diffusion of eco-innovations, 
some of them have specific research focus such as the impact of 
environmental regulations on firm's performance [30], performance 
measurement of environmental supply chain management [26] 
or impact of corporate social performance on firm financial 
performance [28]. All articles are relevant for the interdisciplinary 
fields of the research in environmental studies and innovation 
studies. 

Based on the review of relevant most cited articles, it has been 
possible to identify some interdisciplinary research streams within 
three disciplines (Economics, Sociology and Management) and two 
traditional research fields (Marketing and Agent Based Modeling) 
related to diffusion of eco-innovations. 


5.1. Economics 


The role of innovation in economic and social change is one 
the main focuses of innovation studies, and it is especially 
analyzed by scholars with a background in economics [15]. 
However, from an economic perspective, theoretical and metho- 
dological approaches to understand eco-innovations are still 
limited [48,14] and discussions are based on neoclassical tradition 
(environmental economics and innovation economics), evolution- 
ary tradition and ecological economics. 

Some of the key approaches are evolutionary environmental 
economics [14], evolutionary policy [38], and sectoral systems [40]. 
The other three approaches that mostly encompass the diffusion of 
eco-innovations are ecological modernization [31], sustainability 
transitions [60] and lead markets hypothesis [6]. However, these 
three approaches have different perspectives of focus. The approach 
of ecological modernization focuses on innovation oriented envir- 
onmental policy (regulations, incentives, policies, actors, etc.) and 
the supply-side driving forces of diffusion of eco-innovations with 
the underpinnings of sociological theory. The approach of sustain- 
able transitions focus on long-term, multi-dimensional and funda- 
mental transformation processes through which established socio- 
technical systems (sectors like energy supply, water supply, or 
transportation) shift to more sustainable modes of production and 
consumption [37]. Sustainability transitions are about interactions 
between not only technology, policy and economics but also culture 
and public opinion [20]; therefore sustainability transition can 
provide insights about the diffusion process of eco-innovations. 
Finally, the approach of lead market hypotheses focus on the 
countries that are first in adopting an internationally successful 
innovations and it can be applied for understand the link between 
strict regulation and creation of lead markets [6] by giving insights 
about the dynamics of international diffusion of eco-innovations. 


5.2. Sociology 


The theory of diffusion of innovations [51] is limitedly used in 
the identified top studies of diffusion of eco-innovations and only 
six of the publications that receive more than 10 citations per 
year refer his work. It is clear that more insights are needed 


Table 2 
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The journal articles with more than 10 citations/year (C/Y). 


cy Author Title 
1 36,8 Jaffe and Palmer Environmental regulation and innovation: a panel data study 
[30] 
2 33,5 Sarkis et al. [52] An organizational theoretic review of green supply chain 
management literature 
3 29,6 Hervani et al. Performance measurement for green supply chain management 
[26] 
4 28,3 Nill and Kemp Evolutionary approaches for sustainable innovation policies: 
[38] From niche to paradigm? 
5 28,0 Jaenicke [31 Ecological modernization: new perspectives 
6 23,3 Spaargaren [56] Sustainable consumption: a theoretical and environmental 
policy perspective 
a 22,0 Hull and Firm performance: The interactions of corporate social performance 
Rothenberg [28] with innovation and industry differentiation 
8 20,0 Vanclay [61] Social principles for agricultural extension to assist in the promotion 
of natural resource management 
9 20,0 Hockerts and Greening Goliaths versus emerging Davids-Theorizing about 
Wustenhagen the role of incumbents and new entrants in sustainable 
[27] entrepreneurship 
10 18,7 Ottman et al. Avoiding green marketing myopia: Ways to improve consumer 
[41] appeal for environmentally preferable products 
11 18,5 Faber and Models in evolutionary economics and environmental policy: 
Frenken [14] Towards an evolutionary environmental economics 
12 18,4 Beise and Lead markets and regulation: a framework for analyzing the 
Rennings [6] international diffusion of environmental innovations 
13 18,0 Truffer and Environmental innovation and sustainability transitions 
Coenen [60] in regional studies 
14 17,3 Florida and Gaining from green management 
Davison [17] 
15 14,0 Frondel et al. What triggers environmental management and innovation? 
[18] Empirical evidence for Germany 
16 14,0 Perkins and Does the ‘California effect’ operate across borders? Trading-and 
Neumayer [44] investing-up in automobile emission standards 
17 14,0 Graham-Rowe Mainstream consumers driving plug-in battery-electric and 
et al. [22] plug-in hybrid electric cars: A qualitative analysis of responses 
and evaluations 
18 13,3 Simpson and Use the supply relationship to develop lean and green suppliers 
Power [55] 
19 13,3 Del Rio Gonzalez The empirical analysis of the determinants for environmental 
[10] technological change: A research agenda 
20 13,0 Oltra and Saint Sectoral systems of environmental innovation: an application 
Jean [40] to the French automotive industry 
21 11,5 Schwarz and Agent-based modeling of the diffusion of environmental 
Ernst [54] innovations—An empirical approach 
22 11,0 Cruz [9] Dynamics of supply chain networks with corporate social 
responsibility through integrated environmental decision-making 
23 11,0 Barthel et. al. [4] An integrated modeling framework for simulating regional-scale 
actor responses to global change in the water domain 
24 10,8 Cantono and A percolation model of eco-innovation diffusion: the relationship 
Silverberg [7] between diffusion, learning economies and subsidies 
25 10,5 Ozaki [42] Adopting sustainable innovation: what makes consumers 
sign up to green electricity? 
26 10,2 Wagner [62] Empirical influence of environmental management 


on innovation: evidence from Europe 


Year, Journal 

1997, Review of Economics and Statistics 

2011, International Journal of Production Economics 
2005, Benchmarking: An International Journal 
2009, Research Policy 


2008, Journal of Cleaner Production 
2003, Society and Natural Resources 


2008, Strategic Management Journal 
2004, Australian Journal of Experimental Agriculture 


2010, Journal of Business Venturing 


2006, Environment 

2009, Technological forecasting and social change 
2005, Ecological economics 

2012, Regional Studies 

2001, California Management Review 

2008, Ecological Economics 

2012, Journal of European Public Policy 


2012, Transportation Research Part A: Policy and Practice 


2005, Supply Chain Management 

2009, Ecological Economics 

2009, Technological Forecasting and Social Change 
2009, Technological Forecasting and Social Change 
2008, European Journal of Operational Research 
2008, Environmental Modeling & Software 

2009, Technological Forecasting and Social Change 
2011, Business Strategy and The Environment 


2008, Ecological Economics 


from sociology of diffusion to understand the diffusion of eco- 
innovations [10]. The theory of diffusion of innovations may help 
us on understanding the social norms of adopters and the social 
values of societies affecting the diffusion of eco-innovations. 
Inside the discipline of sociology, on the one hand, the study of 
Spaargaren [56] introduces an interesting approach from environ- 
mental social sciences. This study brings the issues of sustainable 
consumption and lifestyles by using the social practices model of 
sociology. The proposed model indicates that diffusion of eco- 
innovations through citizen-consumers can be increased when 
daily routines (clothing, food, shelter, travel, sport, and leisure) are 
taken as a starting point for policymaking. On the other hand, the 
study of Ozaki [42] combines the theories of diffusion of innova- 
tions, cognitive and normative behavior, and consumption in 
order to understand the motivation factors of eco-innovation 
consumers by focusing on the five factors: perceived benefits, 


social influence, perceived compatibility, controllability and per- 
ceived uncertainty. 


5.3. Management 


The diffusion term in management of innovation is usually 
used for diffusion of environmental innovations within the orga- 
nizations, especially for environment friendly practices. The adop- 
tion of Environmental Management Systems (EMS), a total quality 
approach on management of an organization's environmental 
programs, has taken much attention of scholars. On the one hand, 
Florida & Davison, [17] discuss on the factors that make firms to 
adopt EMS, and Frondel et al. [18] research on the role of EMS for 
the adoption of technical eco-innovations in firms. On the 
other hand, Wagner [62] focuses on the impact of EMS and 
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environmental managerial activities on the probability of firms to 
carry out eco-innovations. 

The field of research in entrepreneurship, relevant for the 
management discipline, also contributes the understanding for 
eco-innovations. In this field, the study of Hockerts and Wiisten- 
hagen [27] reveals the relation between firm size and diffusion of 
eco-innovations, theorizing the interplay between incumbents and 
new entrants. 


5.4. Marketing 


After the seminal work of Bass [5] that presented the first 
purchase growth of a new durable product in the market, the field 
of marketing has embraced a common research tradition for 
diffusion of innovations. However, the study of Ottman et al. [41] 
is the only one focusing on marketing in the list of top studies of 
diffusion of eco-innovations. These authors discuss on improved 
environmental quality and customer satisfaction in the concept of 
green marketing. They indicate the importance of three green 
marketing principles to make green products desirable for con- 
sumers: consumer value positioning, calibration of consumer 
knowledge, and credibility of product claims. 


5.5. Agent based modeling 


Agent based models refer to the models which consist of a set 
of agents that encapsulate the behaviors of the various individuals 
that make up the system by emulating these behaviors [43]. This 
research tradition, within the growing computational power, has 
been increasingly applied to social and economic problems pre- 
viously modeled with nonlinear differential equations [47]. Evolu- 
tionary economics’ principles can be formalized in the framework 
of agent based modeling as well [14]. 

There are three publications focused on agent based modeling 
in the list of top journal articles of diffusion of eco-innovations. 
The study of Schwarz and Ernst [54] is an empirical approach on 
agent-based modeling of the diffusion of environmental innova- 
tions, and their model implementation is based on differentiating 
individuals, communication, innovation characteristics and deci- 
sion algorithms. The study of Barthel et al. [4] makes use of a 
multi-actor simulation framework by simulating decision-making 
process of the relevant actors, while Cantono and Silverberg [7] 
develop a model of innovation diffusion that combines contagion 
among consumers with heterogeneity. 


6. Conclusions and future research 


Research in the last decades has generated different predictive 
models to explain the diffusion of technological innovations 
(products and processes) and non-technological innovations 
(information, ideas) in different contexts. Today we know many 
of the attributes or factors that affecting the diffusion and adop- 
tion of innovations, such as the characteristics of the innovations, 
the adopters and the environment. However, there is very little 
knowledge on the relative importance of the different factors, and 
some disagreements over the direction of relationships, especially 
in the case of eco-innovations. Many different fields such as 
economics, marketing, sociology and anthropology provide inter- 
esting insights, but are not sufficient to understand in the context 
of eco-innovations. 

In recent years, the importance of understanding diffusion of 
eco-innovations has been growing both in practice and academia. 
The European Union, international organizations and many coun- 
tries are supporting the reduction of environmental risks and 
negative impacts of resource use through the implementation of 


innovation policies focused on the use of eco-innovations. How- 
ever in the literature, although there are some concepts about 
management of eco-innovations, there is no comprehensive 
review on the knowledge base of diffusion of eco-innovations. 
Responding to this challenge, in this paper we have identified 
the increasing interest of the scientific world in this emerging 
field. Using bibliographical evidence, our research has identified 
relevant journals and a small number of leading scholars that are 
recognized by different researchers in the field. To some extent, 
we have identified what can be called as the initial base of the 
cognitive platform that characterizes the diffusion of eco- 
innovations field. There are different disciplines leading to differ- 
ent streams of research. We have found that lead market hypoth- 
esis, sustainable transitions and the ecological modernization 
appear as some of the relevant leading research streams on the 
understanding of diffusion of eco-innovations, which might be 
the way forward to developing this field. We also identified that 
the linkage with the Rogers theory of diffusion is very limited in 
this emerging literature. The analysis of the linkage between eco- 
innovations concept and diffusion of innovations theory could be 
one of the promising areas for future research. We suggest 
enhancing understanding on consumers’ behavior and decision 
process due to the fact that some eco-innovations have already 
reached a stage development to survive without policy support. 
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